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ABSTRACT 

Two studies were conducted to determine whether the 
consonant errors displayed by readers with severe reading 
disabilities are the result of phonetic rather than visual ' 
substitutions. In the first study; the reading and spelling V, 
performance of three groups ct readers with average IQs 
reading levels two years below ^rade level, was compared Hith\^/J of 
matched controls, using a list of 96 one-syllable nonsense wordlv » 
Subjects in all groups made more phon^etic than visual substitutions, 
showing that even among those with severe reading disabilities 
linguistic confusions account for reading problems. Also, subjects 
from a^l three test groups, but not from the control groups-, made as 
many or more consonant additions than they die? phonetic substitutions 
in both the reading and spelling tasks. A qualitative, post-hoc 
analysis of the errors suggested that these additions may hava 
resulted from the test subjects attributing phonemic status to the 
intermediate articulations approximated when sounding out a nonsense 
word (such as, ope to olpe). It was thought that subjects might rely 
on such an articulatory strategy if they had an inaccessible or 
poorly developed phonologujal system. The second study was designed 
to test this articulatory strategy explanation. A list of 262 
one-syllable nonsense words was developed to test specific 
predictions emerging from the study. Results from the second study 
replicated thosa of the first, and were consistent with predictions. 
(HTH) 
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Previowf r««iiareh h«f indlcatwd th«t eonsoritnt ©rrot's i&ad« by both g-fud 
poor rtiid«r» ar© the reiult of phon«tlc rither thm visual fubftltutloai, 
suggeitlnj; a linguUtic rtthor than viiual basis for rtadiog dlf f ieultlwe. 
Th« pr«i«nt reietrch was deilgned to d«t«e«ine whether a similar pattern would 
b« diaplayed bj averely diaabUrf f«ad«rt. In our first study, three groups 
of Severely disabled readers were coiipared to both and reading-level 
Hatched controls oh their perfor«*nee reading and spelling a list of 9e 
one-syllable nonsense words. Subjects in all five groups mde sort phonetlt 
than visual substitutions sbowltsg that even aroag severely disabled readers, 
linguistic conf;i,aioo« account for reading problems. Also, snbjeets froii ill 
thi^99 reading disabled groups, but not fron the control groups, nade as many 
or nore eonsoaaut addition errors than they did phonetic substitutions in both 
the lu-eadlng and the spelling tasks. 4 qualltitive, post-hoc analysis of the 
errors Mur,geated that these additions xMty have resulted fro« the reading 
disabled aubjectn attributing phonealc status to the IntenMdlate 
articulations approximated when sounding out a nonsense word (e.g., ope to 
olpe). Ve reasoned that subj-acts might rely on such an artlcU|,%tory itrategy 
if tfeay hftd an inaccessible or poorly developed phonologic I system. Tlie 
fefcond study was designed as a f irr i test of this trtlculatory strategy 
•si^lftnfttSon. A list of 262 ono sTrllable nonsense words wai developed to test 
0piielfic predictions emergimg froa the qualitative analnrsis In f^Bse first 
sfeMdf, Result g fFOB the lecond study replicated those from the first,, ajsd 
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I)Rfeif©(iiiueti©n 

It. l» eoMonli' believed that the c0n«Oi:*nt ©rrorfl! Md« by f^yerelf 
dl8Abl«d, or "dyilaiic" r««d«rt r«iult fro« •pcp.ifie vlnual deflcltt cauwed by 
■ii«d c«8r«br*l Itterftlitatloo, as lussevtAd by Orton (1937). Htwavrr, 
pravlou* r«8«arch aiaaiains both good and poor (but oot savarely dliabla^) 
raadara has indleatad that conionant atrora are the refwlt of phonologic 
rather than vitual dlf f Icultlea, ausgeiting a linguittlc rather than vlfual 
baaU for reading difficulties (fowler, Llbenaan, Shankweiler, 1977; 
Liberaan, IhankMeiler, Orlando, Harris, iBell-Bertl, 197i>. in this prerlouo 
vork, It was shofwn that reversals of orientation (reading b for d) are caused 
by phonetic feature substitutions rather than visual reversals . Furtheraore, 
it was shown hhat reversals of orientation are not correlated with sequeaeing 
reversals as would be expected if both resulted froa visual orUotation 

0 

difficulties. There Is sclll a controversy, howeveY, m to the derivation of 

\ 

consonant errors aw»ng severely disabled (rather than siaply slow) readers. 
The present research was d«sl||«ed to detemine whether the connonant errors 
wade by severely disabled readers indicate difficulties with the phnnologic or 
visual aspects of reading. address this quesstion, «©verely disabled 
readers were cctspared to averi^e readers on their fblllty to read and spell 
nensense wordf. 411 types of consonant errors were an/^lyted. The scoring 
ccbt»« is ihown in Tafeli* 1„ 

Ki;|v«rlf.'*int. 1 

flire© gTOap* ef s«wer«ly dimblitd r«»4«ri were eoapardd t© feofch age- CAIfC) 
g«d F©«dJ.B| 4«v«l (8H€) »*te-h©d control groups on their perfomwuee .7«ftding 
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r«t4l!i| diinbltd iubje^i ^ ^^t^ divided oi\ th% badls of fch«lr SL'^liiii¥«i 
Ptrfomance (P) nod Vtrbtl (V> IQ 9cormt in an tffort to tchUv« toat d«£rt« 
^{ homoseneity within si^oupi. All reading diinbled fubjecti wiir« readins ftt 
Itttit 2 ydars btlotf grada l%vtl« All had avaragci IQ't» and no airldancft of 
prlsiary aaotional or n^iurolosical dUturbanca. All iubjacti irara mala. 
Avaraga lu Jact charactai iatlcs art sho«m balow. 

Avaraga Subjact Charactaristica 

BttdiQg Dlttbl«d Suhjttcti 

jP > V (> 10 point!) 

¥ > P (> 10 pointi) 

P • V {< 7 polnte) 
Cobtrol Subjects 

SMC 

AMC 

Th» 96 noniikns* ijllabltf ui«d la this tA«k wiro d«v»lop«d by Fowlttr, 
Llbftrman, and Sch*nkw«U«r (1977). They include the 21 nott coweon vowl 
srepheiMs and the ilx Sngllih itop conioneati, b, p, d, t, g, wid k. Theoe 96 
stlwjii weirs prenented to the children «>ne et * tl»e on 3** by index curdj./ 
In the reading teik, children read all 96 stlaull •^.loud, and their reiponies 
«rare tape record«d for later tranBcriptloo. In the 8P«lllng task, 20 of the 
tfurds wirej pronounced to the children f or spelling. 

Tiii« results iron th» awalyels of th« rffl&dloR te.«k are shows Sn figur*! 1 
feelow. There was a m^ln «ffect for error type, £(1, 4) » *9.196, £ < .001) 
bwt, m f'!SgnlfUftnt group affect m'd m slgnlfleftut infenraci^loa. fhest results 
nhnw ihftt mbjecti In *11 gr»upi us.**© slgalf Seftsfely phonwfeie featwre 
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r«Vttritl« mre rMovtd fron the ^inAlyili <duc to r^dundaney in scoring with 
the pbofittic foAture tubititutiont) , and the other four error types were 
c^xipered, the ANOVA Indicated e aiain effect for error type, 1^(3, 12) m 28.25, 
2 < .001), but no pein effect for group. In addition, there wet e nisn^fiCMt 
interacciOD between s^c^^P' wi* error types, t^l2^ 171) • 2^.7, p < .02. 
Post-hoc conperlsons on the difference scores using the 8cheff4 Method showed 
that the three reading disabled groups together made equally as nany addition 
es phonetic feature lUbstitutions, and significantly laore addition errors than 
any other error type (and significantly nore additiona than did the normal 
readers). In contra0t, ch Idren in each control group made esiually as many 
omissions as they did additions, and significantly more phonetic feature 
substitutions than they did additions. 

This data replicates and extends previous work indicating that phonetic 
rather than visual substitutions cause consonant errors* It also shows that 
reading disabled subjects consistently corsonants when attempting to read 
(^jand spell - see Figure 4). In enanining these data, it appeared that reading 
disabled subjects may have been relying on an articul itory itrft^f g y . For 
eiamr le, when attempting to read the stlsiulus ope, reading disabled subjects 
wold /pronounce it as olpe. Similarly, they would read an p^n syllable such 
as ap as pap. To esplore this data further » a qualitative analysis of the 
consonant errors was performed. Srrofii were classified as either* closure 
Additions (closing an open syllable) or Intrasyllabic Additions (adding a 
nc^nsonant within a syllable). Closure additional Included fiv® categories, md 
i^trasyllabic four categories* the categories and thg data are shown in 
F^gur<e»$ 2 and 3. Ml eatofory labels ar<i^ self -explanatory except tjioijtorj^anic 
^ieh WI5 iiftd to »#%n **reii»lng the c^r^iona-^t iK^und ^ich t^rss alrfiady present**. 



Th« itrong^Mt lupport /or tn art t c vlttory » tx|t!»iur •xplaat? ;s would be 
provided by » prtpondtrAnce of contlnutntf (e.«., liquids) &« Intraiylltbic 
Additions, and aostly hoaorstnic and othar itops aa Closura additioni . 
Ratults show thlf to b« tha case for all thraa groupi of raadlns diiablad lyut 
not for control aubjactt. 
.ipallinK Data ' 

Tha raiulti froa tha analyila of tha cpelllcs taak uaad in Bxparliaant X 
ara ahom in Pigura 4. As in the caso of tha raading, thara w^s a aaln •fx'act 
for arror typa, 4)' = 8.505, £ < .005, no aigniflcaat ^roup affact and 

00 aiinificaot Intaraction. Af in tha raading, this indicataa that tubjacts 
in all groups aada aora phonotic faatura subatitutioni than thay did 
orifntation ravaraali - auggasting viaual difficultiai ara not tha lourca of 

difficulty for aitbar diaablad or nonMuL raadari. Whan tha oriant«tion 

t ■ 

ravaraala vara raanvad froa tha anal^aia (dua to radundmicy in icoring of tha 
phonatlc faatura eubatitutiona) , and tha othar four arror typaa w^ra coaparad^ 
tha AMOVA yialdad a aain affact for arror typa, JO, 12) - 12.112, < .001), 
no iiitin tff^ct for iroup, and no slsnf leant Inttrtction/ Although tb« 
IntaractloQ wai not algnlf leant » It can bo 8oan that th« arror pattarn la in, 
tha faM dlractloQ as that of tha raading. Since tha lack of algnlf Ic^anca 
could hava baai^ du« to the anall nuabar of Item (20 in the ipalling aa 
opposed to 96 In the reading), post hoc cos^>arltons of the difference scores 
Mire eowputed using the Scheff^ nethod. These results showed that, reading 
disabled^ but not normal subjects, made significantly miove additions than they 
did aftf of the other three error types* 

Rxperifliftfi^t 2 



nmi itiBulue [t9U» «od additional iubjtett. Data eo»tiit«ii^t with that in 
BsK>ariMnt 1 ifould b« ie«n at iupport for the articulatory • ^lanation. 
AvaraRa aubjact prof ^Ida for th* four groupa are ihown below (there were no 
new Y > ^ aubjectt available, ao that group waa owltted). 

Average Subject Charecteriatix:i 

H hJS3L 19 MMiiM. 

Seeding Diaebled Subjecti 

P > V (> 10 polnta) 13 14.9 102.2 A. 34 

? « P (< 7 point!) 7 14.1 100.5 4.43 

Control Subjects 

mc 13 8.5-10 113 4.12 

ANC 13 14.5 108.3 8.9 

Stimili cohaiited of 240 nonaenie lyllablea: 176 CV and VC ayllablea, and 
64 CVC aylleblef . The CT and VC lyllablea were aade up of the aiz Ingliih atop 
conaonantf paired with the 16 aoet coanon double-graphene vowels (with real 
worda onitted). The CVC syllablea paired the atop conaonanta with the 
following four douWle-grapheate vowela (All, AQ, OU, and CW> in all poaalble 
coablnationa. SiperioMntal edndltione were identical to thoae uaed in the 
reading taak in BxperlnMot 1. 

The reaulta are entirely eoniiatent with thoie of KxperiBent 1. In the 
ANOVA coatparlpg phonetic feature aubititutioni to orientation reveiraala, there 

wae a wain «f£Qi;t for error type, til, 3) « 33,910, e < .001, but no «aln 

« 

effect for groups and no alfnlficaQt interaction. In the analyiia conparlng 
phonetic feature aubatltutione, additiona, e«lailona, and lequeaclnf, errort, 
there was a n»ln effect for error type, £(3, 9) » 5.05(6, r < .001, and a 

©isaif leftist Jntaraetiot^, |.<9, 126 > « 4.79o p, < .001, but no Bwin effect fos- 
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Ifoupg. An in liporiMnt 1, poit hoe tntlysAs of the diff«r«ne« scor«t trace 
perfonMd uginjj th« SchtfN method. Eegulti showed that th* roadlng diitbled 
children nede et neni or more addition erron then they did phonetic £;eeture 
■ubititutlont , end aoi'e edditlon errors then either omissions or sequencing 
errors. In confi^reet, the control children mede more phonetic feeture 
substitutions then eny other error type, and nede very few additions. These 
results ere shown la Figure 5. As can be seen, the results ere very similar 
to those obtained in IxperlsMjnt 1. The only dlffer«nce Is that the younger 
chUdRim (IMC), nede aore sequencing errors U Kxperlaent 2 than In SxperlMnt 
1. Thli high nean score was accounted tot by only 3 children In t^e RMC 
group, however. 

The qualitative enalysls of the data shows an alaost perfect repllcetion 
of Ixperlaent 1, providing additional support for the artlculatory etratigy 
explenatlon. As can be seen, subject* in the reading disabled but not the 
control. groups made sore liquid Int rasyllablc addifclonn.' end aore hoaorganlc 
and stop Closure additions. One unpredieted result was that in ixperisMnt 2, 
reading dltablad but not control lubjacts mada significantly aora liquid 
Cloiura additions. 

Conclusions 

Thasa rasultt conf im and axtand pravlous studiaa suggaiting that 
consonant errors af^^e by poor rea<a«rf are. like vowel errors, the result of 
difficulties In using the linguistic systea and ere riot caus9d by specific 
visual deficits. Probleae occur when, th© child has soae sort of difficulty 
mapping written aaterial on, to the underlying phonological systea. In young 
poor readers, this difficulty aight be asnlfeit K an excess of phonetic 
f»iLfeure »ub8tltutlonil. Whll our work showed thet older disabled readers are 
m sore likely to aaka phonetic feature substitution* than noratl readers 



^fuistitins thtt the •ncodlos of Individual letttrf hai b««a NtitQCwd) , both 
Md* nor* phonttic fcatur* th«n oritntation rtvarial arrort. Thii r«fut«t 
Orton'i "yliual-def i^it** hypothisli. In our itudy, older dliatljd readeri did 
have difficulty reading ytrlnni of letter* , however tls® reiulta ihow that 
eeverly diiabled readers tend to add eoDionaati whe;^ atteaptioK to read new 
wordi. The qualitative analyili of the data iu|i«fta that the addition! are 

♦ 

cauted by reliance on an articulator^ itratesy when approftching a new word. 

Such a strategy Kight tnaue froti difficulty napping the written word onco the 

\ 

\ 

underlyini phonological repreaentation. If the phonolo|ieal rule aytteei ii 
poorly develdped or inacceisible. the diiabled reader night rely on 

m 

leneorlMotor infomatlon obtained fron the artlculatory eonf Igurfttioni 
approziwited when attenptlng to lound out new wordf . Since senforinotor 
learning it often the flrit itep in the developwent of a mre abetrftot, 
representational rule syeten, it is entirely- posiible thi^t reliance on an 
articoXatorf itraUiy way ba a uiaful flrtt itap for th^t aaYasraly diaablad 
raadat. 
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Ttbl6 1 

Adiiitijaa - Aoy error roiultiUR from adding a eonsonant wh«Q reading, ^m- 
ezaaple. ratdias bep at benp. 

gwifff IgJl - Any arror r«iultlng froai leaving a eohioBftot out mii%u r««tl|ag. 
For extaplA, re&ding bep at be. 

^fquyn^iWR - Afly'tonaouaut trtwr resulting from reveraiag the ■•guene® of 
the consonantf In a nonfanio iwrd. For example, reading bap aa p«b. 

Phonetic Feitura ^ub^tit^t|9q - Any contonant which was confuaad as 
another conionant differing In only a ilngle phonetic feature. A phonetic 
feature chart of the 6 Engllth ttop conaonanti U ihown in Table 2. 

Orientation Beveriala - Any conaonant which" waw read as another letter 

differing in either a left/right or an up/down revertal. For exuiple, b/d oc 
b/p. 



table 2 
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Bn»bi«l Alveolar VclAr 



Vole d b d s 
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Figure 1„ 
Figure 2o 
Figure 3. 
Figure 6. 
Figure 5* 
Figure 6, 
Figure 7. 



jUfeat^ number per group of each type of cofiBotiant error. Pj?^dlng task: 
Experiment I* 

Mean miaber per group of each Lype of consonant error. Spelling task: 



Mean number per group of each type of Closure Addition. Rc?Jidlng task: 
Experlaent 1. 

Tiean number per group of each type of Ii traayllabic Addition, "ieading 
task: Exp<»rlm£nt 1« 

Mean num>)e p^r group of each type of consonant error. S^tading task: 
Experiment I. 

Mean member per group of each type of Closure Addition, il^eading taek: 
Experiment 

Mean number per group of e£^ h type of Intrasyllable Addition. Reading 
task: Experiment 2. 
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